The solar-UV exposures of school pupils and medical undergraduates were studied over four seasons in Shenyang (latitude 41111 0 -4312 0 , longitude 122125 0 -123148 0 ), Liaoning, PR China. Ultraviolet exposure was measured using personal ultraviolet radiation (UVR) sensor on sunny days along with simultaneous monitoring and recording of direct-ambient UVR dose (perpendicular UV dose) for comparison. We observed that the UV doses of pupils on weekdays were higher than those on weekends and that the UV doses of the pupils were significantly higher than those of the undergraduates during both weekdays and weekends. The percent of the mean individual daily UV dose to the environmental counterpart are 2.88% (Autumn), 7.76% (Winter), 3.77% (Spring) and 2.06% (Summer) for the pupils, and corresponding percent for the undergraduates are 0.88%, 0.32%, 0.67% and 0.81%. The means of minimum erythemal dose values with pupils for weekday (5 days), weekend (2 days) and week (7 days) through the whole year are 0.302 (0.275B0.328), 0.215 (0.170B0.261) and 0.278 (0.255B0.301), respectively. The corresponding means with undergraduates are 0.097 (0.081B0.113), 0.091 (0.070B0.112) and 0.095 (0.082B0.108), respectively. Although the season is a major factor influencing the personal direct-ambient percent, it is emphasized that the impact of the lifestyle cannot be ignored.
Introduction
UV exposure can cause skin cancer, cataracts and immune suppression in humans (WHO, 1994) . Caucasians have less melanin pigment in their skin than other people and, as a result, are more sensitive to UV exposure and consequently more susceptible to skin cancer (Gruijil and Leun, 1994; Ribert and Dubertret, 1995; Soehnge et al., 1997) . Because people of color are not as susceptible to skin cancer as white people, they are more concerned about getting UV-induced cataracts than skin cancer (Sasaki et al., 1995; Dandona et al., 1999; Sasaki et al., 1999; Vajpayee et al., 1999) .
UV exposure is one of the most important factors contributing to cataract. For those patients who are more than 60 years old, visual impairment and blindness are primarily caused by cataract (73.13%) (Jankowskj and Cader 1997) . The prevalence rate of cataract is about 0.46% in China, yielding about 5 million patients with this disease (Zhang 1999) . Presently, the depletion of the stratospheric ozone layer remains a major concern (UNEP, 1998; UNEP 2002) . West et al. (2005) modeled the possible consequences for US cataract incidence of increases in ultraviolet B radiation owing to ozone depletion. Their analysis indicated that by 2050, the prevalence of cortical cataract will increase above expected levels by 1.3-6.9%. Therefore, it is critical to evaluate UV-induced adverse health effects. Traditionally, most epidemiological studies of UVinduced biological effects have been population based. In these studies, the hazard assessment was performed by using the ambient UV exposure (Hiller et al., 1977 (Hiller et al., , 1983 Cruickshanks et al., 1993) . However, there are many factors that affect the effective individual UV exposure, such as age, lifestyle, behavior and occupation. Recently, Diffey, Godar, Gies and Onos provided individual UV exposure measures in England, USA, Australia and Japan (Diffey et al., 1996; Ono 1997; Gies et al., 1998; Godar, 2001; Godar et al., 2001) . However, until now, very few studies of outdoor individual UV doses have been carried out in China, a country with over a billion people.
In this paper, we report individual UV doses during daytime of pupils (fifth grade students) and undergraduates (medical university students) in Shenyang The direct-ambient ultraviolet radiation dose (perpendicular UV dose) was also monitored and recorded for comparison. The purpose was to estimate the distributions of the individual UV dose relative to time of day, day of week and season, and to establish the relationship between the individual and direct-ambient exposure measures.
Materials and methods

Instruments and Equipment
The UV sensor (Model: SUB-T, Toray, Techno Inst) was used exclusively in this study: it is a watch-like device, and can be easily attached to clothing. The spectral sensitivity of the UV sensor covers both UV radiation of wavelengths 280-315 nm and UV radiation of wavelengths 315-400 nm ( Figure 1 ).
The UV sensor contains two photon-sensing parts for signal detection and correction, respectively. The key component is the silicon photodiode that is sensitive in a wide region from ultraviolet to ultrared light. The signal detection is performed by a silicon photodiode coupled to a filter, opaque to visible light and transparent not only to ultraviolet light but also to the light in the region around 700 nm. The signal correction is based on the measurement by another silicon photodiode coupled to an ultraviolet lightabsorbing filter inserted between the silicon photodiode and the filter used for the signal detection. The signal correction is made to suppress the detected signal component from the region around 700 nm.
When the SUB-T device was set under the visible light (longer than 400 nm), its intensity reading was zero. When the environmental temperature was less than 501C, its relative sensitivity was nearly 100%, whereas for the environmental temperature of 701C, its relative sensitivity was not less than 95%. As far as its angular response is concerned, the relative sensitivity versus the incident angle over [À901, 901] is very close to the theoretical cosine relationship.
Human Subjects
In each season, the pupils in the same class were divided into two groups consisting of 16 members each. Similarly, the medical students were divided into two groups of 16 and 14 members, respectively. We reduced the number of the medical students from 16 to 14 in one group because two of them had to quit owing to sickness. The grouping was made to make best use of the limited number of the sensor available. Within a group, the locations of the subjects in the class were uniformly distributed. Each group contained equal number of male and female students. The same subjects were studied in each season.
Individual UV Dose Measurement
The measurement was conducted through sunny days during 1 month each for the period around the autumnal equinox 2001, winter solstice 2001, vernal equinox 2002 and summer solstice 2002. The measurements were taken from 0800 to 1600 at hourly intervals during both weekdays and weekends. The time period between two assessments was 1 h. The measurements for each group were performed over a period of 1 week. Hence, for four groups, a month was required. Because all the days in selected months were not sunny, the data obtained from the pupils on sunny days were categorized as those from weekdays and those from weekends for both pupils and medical students. The data in these two categories for all four groups were then accumulated and normalized. The fifth grade pupils had a physical exercise session in the second time period. The noon break was in the fifth period. There was another long break of the length equivalent to that of physical exercise in the seventh period. Except for the fifth period, there was a short break in every time period. In the university setting, there was no physical exercise session at all. In every season, the measurements for the pupils were conducted before the undergraduates except in autumn 2001. The measurment was conducted in the common activity places for study and entertainment.
A short-term training session was given to the subjects regarding the use of the equipment and the experimental protocol. The monitoring device was attached to their upper left arm. The exposure levels were continually monitored from 0800 to 1600 for every hour and the cumulative UV amount was recorded by the user for each period, along with the outdoor time during that period. The teachers or coordinators were requested to remind the subjects to record the UV sensor reading just before the end of each assessment period. Over weekends, the subjects were requested to use the alarm for the same purpose. The subjects were advised to participate in activities as usual. After eliminating missing records, there were 336 person-times for pupils and 322 person-times for undergraduate medical students.
Minimum Erythemal Dose Conversion
A minimum erythemal dose (MED) measurement experiment with 48 volunteers was carried out in Okinawa, Shiga and Shizuoka, Japan. These volunteers with 4 cm 2 exposures on the back were exposed on sunny days in July from 1100 to 1300. With each increment of 10 kJ/m 2 in the ultraviolet exposure, one of the square areas was blocked. The UV sensor was horizontally placed during exposure. The observations were made during the morning of the following day. The MED values obtained were distributed in a range of 40-100 kJ/m 2 with an average of 70 kJ/m 2 (Yamazaki et al., 1990) . We used this average (1 MED ¼ 70 kJ/m 2 ) to convert ultraviolet exposure readings in our experiments to MED units. Even though this conversion contains some uncertainties, it still allows us to approximately express our results to be biologically meaningful.
The direct ambient measurement was conducted while the students were monitored. In our study, the tracker that held the badge was placed directly facing the sun and it tracked the UV exposure at all times. This experimental setting is different from that in most reported studies, in which measures were taken on a horizontal plane in areas exposed to receive the sunlight. Consequently, the term ''directambient'' is used for clarity throughout this paper. The dose reading was taken every half an hour in wide-open locations.
Meteorological Condition
All the measurements were taken on sunny days with or without minimal clouds. (In Shenyang, the annual average sunshine time is about 2524 h, whereas the annual average daytime is about 4380 h.)
Equipment Calibration
In the factory, each UV sensor was calibrated according to the National Bureau of Standards (Figure 2 ). To monitor and reduce the system error, we exposed all the UV sensor on a horizontal surface at the same time, place and incidence angle of the solar radiation for 8 h to take readings on the first sunny day of each season before the experiment. The means and standard deviations in the ultraviolet exposure were computed according to the experimental sequence as follows: fall: 713.3076.26; winter: 181.4271.61; spring: 489.4474.25; summer: 705.8876.29 . We used the means as the true values, and found the calibration coefficient for each UV sensor. These coefficients were used to calculate exposure dose values from raw readings.
Results Table 1 shows mean daily individual UV doses for students during weekdays, weekends and also their weekly average. The mean exposure doses for pupils per weekday are substantially higher than those per weekend. The mean UV doses for pupils were higher than those for undergraduates for both weekday and weekend. Table 2 shows the mean individual UV doses for each period of time. The trend of the UV dose variation features a peak around the noon break and decays at both the ends of a day regardless of the student category. The UV doses for the grade-school pupils are significantly higher than those for undergraduate medical students during each time period except 0800-0900.
As seen in Figure 3 , the UV dose of grade-school pupils generally reached its peak in the middle of each weekday in all the seasons, thus leading to an increase in weekly total as well for that period. The UV dose through each weekday period was higher than that during corresponding weekend period except during the summer. Variance in exposure dose during the weekday is greater than that during the weekend. Unlike the other three seasons, there were two peaks with curves in the winter.
As shown in Figure 4 , the UV dose of undergraduates was higher in the middle of the day in all the seasons. Variation in exposure dose during the weekday was similar to that during the weekend. Furthermore, the variation in the spring was most notable with three peaks per day. As summarized in Figures 5 and 6 , the UV dose reached its peak during the fifth period (1200-1300) for pupils; however for medical undergraduates, this occurred one period earlier (1100-1200). There was a clear difference between morning and afternoon UV doses for pupils. Figure 7 shows that the mean daily UV dose for both pupils and undergraduates reaches a maximum during autumn and a minimum in the winter. The UV dose for pupils was higher than that for undergraduates for all the seasons. Figure 8 gives the percent of the mean individual daily UV dose to the direct-ambient counterpart, which was less than 8%. The percent for pupils is greater than that for undergraduates. The seasonal differences in the percent of exposures for pupils are more than those for undergraduates.
Discussion
The objective of our study was to investigate the UV doses in pupils and undergraduates under normal teaching conditions, because that forms a primary part of their daily activity over the whole year excluding the vacations of about 2 months in total. We focused on the weekly behavior patterns of these students, and noticed that there were substantial differences in their schedules for a weekday and a weekend. In our study, the UV doses of pupils in a weekday were higher than those on a weekend. The lower dose in the pupils over weekends is accounted by a decrease in their outdoor activities, increase in time for home work and visits to grandparents. Our findings showed that the UV doses of the pupils were significantly higher than those of the undergraduates during either weekdays or weekends. The yearly average individual UV doses of the pupils (11-12 years old) were three times higher than those of the undergraduates (22-24 years old). Although the schedule for the undergraduates and pupils was similar, the undergraduates usually took a break in their classroom instead of going outside. Even on weekends, they either studied in classrooms or stayed inside dormitory, and they seldom had any outdoor activities. Also the pupils had a less sense of protection against UV hazards, were younger and more active than the undergraduates. In the study by Gies et al. (1998) , the ages of the subjects were the same as those of our pupils. According to their results, the median of the individual UV doses in Brisbane and Toowoomba was higher during weekdays than on weekends, whereas the opposite was true in Mackay. The findings obtained by Diffey et al. (1996) indicated that all the exposure doses in MED were higher during weekdays than those on weekends, independent of whether the individual was a child or adolescent. The exposure doses in MED of the children were twice than those of the adolescents. Godar (2001) reported results measured in USA. In her study, the subjects were divided into three age groups: 0-5, 6-12 and 13-19 years old. With increment in their ages, the yearly UV doses decreased for males in all the locations, and for female subjects in south, but the exposure doses for 0-5-year-old girls were lower than those for 6-13-year-old girls in north. All these results indicated that for such a population, generally speaking, the younger a subject is, the more UV dose he/she receives.
The individual UV dose varies with the season. In our study, the dose was the highest in the autumn, because there were more sunny days in that season than in the others. The outdoor activity was limited during the summer owing to extreme temperature conditions. The higher elevation angle of the sun during the period immediately after the noon also contributed to the relative low values in the summer corresponding to the longest outdoor time. Although the dose for pupils was the lowest in the winter, it was actually comparable to the values in other seasons. Furthermore, the percentage of personal direct-ambient dose for pupils was the highest in the winter. During this measurement period, the physical training lessons (around noon) were more often than other seasons. The schoolrooms were in a one-storied building, with the toilets on the other side of the playground. During class breaks or noon breaks, most pupils went to the toilets and/or played outside. As the weather was not very cold during the course of research, their outdoor activities had not decreased. For the whole year except on the days when it was raining, snowing, extremely hot or cold, the impact of the weather on outdoor activities was not significant. It was noted that in the winter a greater proportion of daily UV radiation was received within a short period around noon, as Shenyang is a city with high latitude. Specifically, in our study, the percentage of the dose for the period 1200-1300 with respect to the total period from 800 to 1600 is 24.49% in the winter, whereas it is only 14.01% in the summer. In addition, the dose for the pupils in the winter morning was higher than that in the winter afternoon, which was owing to their morning physical exercises. Our results are different from those by Godar et al. (2001) , whose findings indicated that percent personal ambients in winter are the lowest in almost every age group. However, in the studies by Munakata et al. (1998) , the ratio of the average exposure to the total global irradiance in several cities was the highest in winter (Naha: 3.3%; Miyazaki: 9.3%; and Sapporo: 16.5%). Especially, the latitude of Sapporo is very close to that of Shenyang. Although the season is a major factor affecting percent personal direct-ambients, we emphasize that the impact of the lifestyle cannot be ignored.
The knowledge on hourly individual doses will lead to a better understanding of the daily distribution of individual UV exposure. It is important for prevention of overexposure to UV. For example, according to these distributions, we can advise the students to reduce some outdoor activities or take more preventive measures during the period of high exposure. Alternatively, we can make changes to the class schedules. All these are possible ways to reduce the UV exposure significantly.
China is a large country in terms of both population and area. Although the skin cancer is not prevalent, the UVinduced cataract is an important problem nowadays in China. Nevertheless, the current studies on UV effects in China are limited by an insufficient amount of data and the lack of quantitative understanding of the dose-response relationship. Without such detailed knowledge of individual UV doses, it will be difficult or impossible to thoroughly reveal interactions between the dose and its biomedical hazards. Our data serve as a baseline to describe the features and extent of individual UV exposure in China. In that sense, this project is a prerequisite for our further work along this direction. Although the subjects of our study live in a highlatitude region, their schedules are very consistent to those of students in other regions over the whole country. Therefore, our results could act as important reference for studies on UV effects in other regions of China, provided that the latitude difference is properly compensated for.
